This study empirically demonstrates the positive impact of initial public offerings (IPOs) on local housing prices in California from 1993 through 2017. In the spirit of the difference-in-difference approach, we test whether hedonic price indexes increase after IPO events more for the areas around IPO firm headquarters. We use the IPO events of public filing, issuing, and lockup expiration to distinguish changes in the shareholders' expected wealth, assessed wealth, and immediately available wealth, respectively. On the filing and issuing dates, house prices increase by more for markets that are closer to the headquarters around IPO firms. On the lockup date, houseprices only increase if the listing-to-lockup return is positive. This result suggests that original shareholders change their housing demand when their wealth changes but not when liquidity constraint is relaxed. We also use the San Francisco Bay as a natural barrier to commuting. Relative to the East Bay, house prices in San Francisco exhibit a long term increase in response to the IPO filing date but only a short term increase in response to the issue and lockup expiration dates.
Introduction
An initial public offering (IPO) rewards the founders, angel investors, venture capitalists, and employees that have stock options (henceforth original shareholders). For example, PrivCo reported that twitter's IPO created 1,600 millionaires.
1 Changes in wealth and liquidity experienced by shareholders around an IPO leads to corresponding changes in their consumption. In particular, demand may increase for housing and services that impacts the local housing market.
In California, where start-up companies cluster (Figure 1 ), a positive correlation is observed between the number of IPOs and house prices ( Figure 2 ). Although this positive correlation is sometimes interpreted as a causal effect of the wealth created by start-up companies, causality is not immediately obvious.
2 Furthermore, anticipated wealth changes should be internalized in the shareholders' consumption and tenure choices well before an IPO (Friedman, 1957) . Thus, for an IPO to affect housing demand, the wealth changes must be unexpected or there must be obstacles to consumption smoothing. There is an additional concern that if IPOs are causing house prices to appreciate, increases in the cost of living and business may be a negative side-effect on economic agglomeration (e.g., Cornaggia et al., 2017; Butler et al., 2019) .
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In this study, we ask two questions. First, do IPOs influence local housing markets? The positive correlation between IPOs and house prices can be a coincidence or can be generated by confounding factors such as high amenities and housing supply constraints. We attempt to isolate the causal effect of IPOs on housing prices in two ways. First, we estimate a spatial difference-in-difference approach that compares the effect of IPOSs on housing markets that are close to the headquarters of IPO firms to those that are farther
away. An second, we use the San Francisco Bay as a natural geographic barrier and comparing house price changes in San Francisco to those in Alameda around IPO events. We then ask if IPOs influence housing markets, when and how are IPOs internalized into house prices? Most IPOs have three sequential events:
IPO filing, share issuing, and the expiration of a lock-up period. These sequential stages provide a unique setting for decomposing a shock to shareholder wealth into an update of the expected future wealth at the time of an IPO filing, an update of the assessed wealth at issuance as the stock is priced mark-to-market, and when the liquidity constraint is relaxed at the lockup expiration event. Because of requirements related to mortgage financing (i.e. cash for the down payment), the liquidity constraint is likely to play an important role in housing tenure choice (e.g., Artle and Varaiya, 1978; Schwab, 1982; Slemrod, 1982; Henderson and Ioannides, 1983; Brueckner, 1986) .
We combine data for IPOs and residential property transactions in California from 1993 through 2017.
To control for the housing heterogeneity, we construct hedonic constant-quality home price indexes (HPIs) for housing transactions to identify the trend in house prices associated with treatment, which is defined by housing transactions occurring near the IPO-firm's headquarters following an IPO event, as well as control groups to capture the general trend in house prices over the time period spanning the IPO events. Using the event-specific HPIs, we analyze the discontinuity in time of each IPO event by looking at the spatial difference in proximity to IPO firms and, also, exploit the natural barrier of San Francisco Bay.
We are exploiting the housing preferences of insiders to be closer rather than farther away from the firm's headquarters. Anecdotal evidence suggests that managers and employees of technology firms do tend to prefer to live near their companies. 4 Of course, some of the original shareholders may prefer other residential areas that are distant from their companies. Because the data does not identify home buyers as being original shareholders or not, we are unable to pinpoint specific areas where managers and workers moved. Testing for an IPO treatment effect when the impact is not localized, in this case, biases against finding a significant result in the spatial difference-in-differences analysis. Thus, our estimate includes both direct and indirect effects of IPOs on housing markets near headquarters. For example, there might be speculating buyers who hope to sell houses in the future at higher prices.
In our spatial difference-in-difference analysis, we estimate the average change in the HPI before and after IPO events for the area around the IPO-firm's headquarters (the treatment area) by interacting a indicator variable for transactions that occur within a window of an IPO event with indicators for distance to the IPO-firm's headquarters. We use a 180-day window to define pre-and post-event periods and indicators for distance bands in increments of 5 miles to define distance to the IPO-firm's headquarters.
The three types of IPO events are well-defined with explicit dates. When management decides to take the firm public, they file Form S-1 with the SEC that publicizes their intention of pursuing an IPO. 5 Subsequently, the firm issues a combination of primary and secondary shares on a public exchange and the firm's market value is revealed. Many IPOs have a lockup period, during which restricted shares cannot be sold.
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We find the statistically significant effect of IPOs on local house prices with varying sizes by event type, 4 e.g., Business Insider, "Zuckerberg Buys A $7 Million Home Near Facebook's New Campus," https: //www.businessinsider.com/zuckerberg-buys-a-7-million-home-near-facebooks-new-campus-2011-5; Marcotte Properties, "Where Do Silicon Valley's Tech Workers Really Live?" https://www.marcotteproperties.com/ silicon-valleys-workers-live/ 5 Under the Securities Act of 1933, Form S-1 registers the securities being offered in an IPO. Emerging growth companies may have the ability to file registration materials confidentially based on the Jumpstart Our Business Startups (JOBs) Act that was enacted April 5th, 2012.
6 The lockup period acts as a signal of the firm's quality to remedy information asymmetries and price supports by restricting the supply of shares (Brav and Gompers, 2003; Arthurs et al., 2009). proximity to the firm, and the characteristics of firms and IPOs. The results for Silicon Valley are not significantly different from those for California. Based on the baseline estimation, the effect is largest for filing events: house prices within 5 miles of a firms headquarters increase by .864% more than house prices 20-25 miles way in response to a firm filing and intent to conduct an IPO. The effect is also large for IPO issuing events: house prices within 5 miles of a firms headquarters increase by .668% more than house prices 20-25 miles way in response to a firm issuing shares in an IPO. There appears to be no effect of the lockup expiration date in this baseline analysis.. These results suggest that original shareholders change their housing demand when their wealth changes but not when liquidity constraint is relaxed. Because the original shareholders cannot cash out their wealth at the time of share issuance or IPO filing, our result suggests that the original shareholders can finance their home purchases based on their illiquid wealth. It is unlikely that arbitrageurs (flippers) with enough liquidity buy houses to make short-term profits because of large housing brokerage fees. Banks in California may not be very restrictive in originating mortgages to entrepreneurs and workers at start-up firms because of their relatively rich experience with this type of consumers. Thus, the result of no liquidity constraint may not extend to other states. For example, in a related study, Hartman-Glaser et al. (2017) use the IPO and housing data for Denver, Colorado, and find a larger treatment effect for the lockup expiration event than for the filing and issuing events. Although this difference between California and Colorado is not conclusive because of differences in data sources and estimation methods, this contrast is very suggestive of the uniqueness of mortgage origination markets in California.
We continue our analysis of the spatial effects of IPO's on house prices by splitting our sample by relevant features of the firm's and IPO's. We see little difference in the effects we describe above when we separately estimate the regression for the largest and smallest firms at IPO or for the oldest and youngest firms at IPO.
However, when we split the sample by return from listing-to-lockup expiration, we see an economically large difference between the lockup expiration date effect for firms with a large listing-to-lockup return versus those with a small one. Specifically, the lockup date expiration has a large spatial effect on house prices for firms with a high listing-to-lockup return and no effect for firms with a small one. This result is again consistent with the hypothesis that the effect of IPOs on house prices opperates through wealth creation and not through liquidity relaxation.
Our second analysis using the San Fransisco Bay as a barrier to commuting that allows us to estimate a difference-in-difference like regression. In this regression, the San Francisco housing market serves at the treated group while the housing markets of nearby East Bay cities serve as a control group. We estimate this regression using treatment windows at 30, 90, and 180 days. At the 30 day treatment window, we observe a significant effect of the issue and lockup expirations dates of 2.62% and 3.33% respectively, although the lockup-expiration effect is only significant at the 10% level. At 180 days, these effects are no longer significant, indicated that the added price appreciation in San Francisco relative to the East Bay reverses in the longer run. However, at the 180 day window, we do observe a large and significant effect on the filing date of 2.37%. These results are consistent with the results from spatial difference-in-difference approach that we estimate for the entire Bay Area.
The identifying, or parallel trends, assumption in our San Francisco difference-in-difference regression is that absent an IPO for a firm headquartered in San Francisco, San Francisco and East Bay housing markets would appreciate at the same rate. We evaluate this assumption by repeating our analaysis with "placebo" dates. To generate placebo dates, we shift the actual filing, issue, and lockup-expiration dates forward or backwards a fixed number of days. Consistent with out parallel trends assumption, we do not see significant effects on house prices on these placebo dates.
In summary, the evidence supports an expectations hypothesis, in which the original shareholders without liquidity constraints change their demand for housing consumption at the IPO filing event. The evidence also supports a wealth hypothesis, in which the original shareholders change their housing demand when their book value of wealth is determined in the stock exchange. However, the evidence does not support a liquidity hypothesis, in which the original shareholders change their housing demand only when they can monetize their book wealth. In general, IPOs partly explain the appreciation of local housing prices. This paper contributes to the literature in two ways. First, to our knowledge, this is the first study that identifies a causal effect of IPOs on local house prices. We demonstrate that positive correlations between IPOs and home price appreciation cannot be entirely attributed to the causal effect of IPOs. On average, we find a 1% effect of a filing event and a 0.8% effect of a share issuing event; i.e., a 1.8% increase in local house price around IPO firms' headquarters for each IPO. Second, different IPO events provide a unique setting for comparing the impact of wealth and liquidity constraints. Our findings indicate that original shareholders in California shift their housing demand when a future wealth increase is anticipated and when a wealth increase is confirmed regardless of weather wealth is immediately available. This result suggests that personal financing function well for high-wealth individuals in California, allowing them to smooth consumption.
The paper is structured as follows. Section 2 provides institutional background and sets up the hypotheses. There is a discussion about the data and methods in section 3, which includes summary statistics. The main results are presented in section 4. In section 5 the treatment is decomposed at the property transaction level by market segment and composition. Finally, there is a concluding section.
Background and Hypothesis Development
Underwriting standards in mortgage lending and credit constraints in home purchasing are explicit and uniformly applied. For example, the down payment constraint also known as loan-to-value (LTV) thresholds limit the amount of a property's sales price that a borrower can finance and impose additional costs for higher LTV loans.
7 Also, the debt-to-income (DTI) restriction limits the amount of outstanding debt that a borrower can have in proportion to their income. There are two possible reasons for a change in house prices around the issuing event. First, original shareholders changer their housing demand in response to the realization of a wealth shock from the IPO when their book value of wealth is determined in the stock exchange. An unexpected change impacts the consumption and tenure choice of original shareholders in the post-IPO period (Friedman, 1957) . Second, if there were binding constraints in the pre-IPO period that no longer bind. For example, if the firm's listing occurs at the same time that they make significant changes to the compensation structure for original shareholders. However, original shareholders' wages are unlikely to change around the IPO event and in the presence of a lockup restriction their pre-IPO shares cannot be liquidated to go towards a down payment.
Under the wealth hypothesis changes in property values around the IPO event are due to unexpected changes in the book value of wealth for unconstrained original shareholders that lead to changes in the demand for housing.
At this point, wealth-constrained original shareholders respond to changes in their illiquid assets whereas liquidity-constrained original shareholders will not (Tobin, 1972 et al. (2002) demonstrate that it is optimal for managers to wait for the end of the lockup. Therefore, the majority of firms do not offer secondary shares and when they do it tends to be only a small proportion of original shareholders that have this opportunity (Field and Hanka, 2001 ).
Third, the lockup event occurs when the limits on original shareholders' trading restricted shares expires.
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To restricted shareholders, the only difference between immediately before and immediately after the lockup expiration is their ability to liquidate their restricted shares. Under the liquidity hypothesis there is a change in the demand for owner-occupied housing following the expiration of the lockup restriction when liquidity constrained original shareholders are no longer subjected to binding credit constraints.
H 3 : (Liquidity Hypothesis) Higher property values follow the expiration of the lockup period.
We assume that the wealth associated with the restricted shares is either not fungible or is costly to access.
However, there is a concern that the lockup event is associated with additional potentially confounding treatment effects. For example, Field and Hanka (2001) find an abnormal three-day return of -1.5% from looking at the returns around lockup expiration events. Therefore, changes to original shareholders' wealth consistent with an abnormal negative return around the lockup expiration only biases against finding evidence supporting the liquidity hypothesis.
The lockup period acts as a triggering event similarly to the down payment requirement. Artle and Varaiya (1978) show how down payments deter home ownership when the benefits from ownership do not exceed the loss in utility from having to save. Therefore, individuals make tenure choices as soon as they reach the down payment threshold associated with their demand for housing consumption where the down payment acts as a triggering event. Similarly, when original shareholders are liquidity constrained such that credit constraints are binding then they are unable to fulfill their demand for housing services until the lockup expires, which then acts as a trigger event. The question about the magnitude and significance of the impact on local housing markets is an empirical one.
9 When more than one lockup expiration date appears in the IPO data from SDC the first incidence is considered as the lockup expiration date for that IPO.
Methodology and Data
We follow a hedonic approach for modeling house prices to test for an association between IPOs and local house price changes. Rosen (1974) is credited with developing the hedonic price method that assumes property values can be regarded as the sum of implicit prices of a bundle of attributes in equilibrium. It is a common method applied in housing related research.
However, there is an omitted variable concern when prices and implicit goods are determined in a spatial equilibrium. In this case, if the choice of the firm's location correlates with the timing of the IPO; if the timing of the IPO correlates with local housing market cycles; or they both correlate with an unobserved omitted variable then the estimates for treatment will be biased.
Our main concern is that the timing of an IPO and the location of the firm are choice variables that are endogenous. In Brau and Fawcett (2006) they survey chief financial officers (CFOs) and find that creating shares for acquisitions is the most important motivating factor for going public where the overall stock market and industry performance are the largest determinants of IPO timing. Therefore, IPOs are not timed in coordination with house prices directly but the determinants of IPO timing may still correlate with an omitted variable that correlates with local property values.
To deal with this problem, we exploit spatial-temporal variation of IPOs and follow two main approaches.
Our first approach is similar to Pope and Pope (2015) that looks at Walmart openings and compares transactions that are closer to a Walmart to those slightly farther away before and after it opens. Other studies with similar designs have looked at the impacts of sex offenders (Pope, 2008) , the spillover effects associated with foreclosures (Gerardi et al., 2015; Lin et al., 2009; Schuetz et al., 2008) , and forced sales (Campbell et al., 2011) . In our case, we construct IPO specific house price indexes that capture house prices movements in geographic annuli, that is, distance bands, surrounding a firms headquarters at multiple distances. We then regress those indexes on an indicator for periods following an IPO event, indicators for distance bands, and interactions between the distance bands and the post indicator.
In addition to the spatial difference in difference approach, we also exploit the geographic features of the location of many of the IPO's in our sample. Specifically, we treat the San Fransisco Bay as a natural barrier to commuting for workers at IPO firms. We then consider cities an the San Francisco Peninsula in which IPO firms are headquarter as "treated cities" and choose cities on the east side of the San Francisco to act as "control cities." We then estimate a traditional difference-in-difference model for each IPO event using this classification of treated and control.
This difference-in-differences approach requires two assumptions for a causal interpretation of the results.
First, original shareholders are assumed to value proximity to the firm's headquarters, ceteris paribus. As long as they place some cost on the time they spend commuting and there is an association between distance and commuting time this assumption holds. Second, we attribute changes in house prices levels right before and right after an IPO event to the IPO event itself. By only including transactions that occur around the IPO event date being considered and within 5 miles of the firm's headquarters limits the possibility of confounding events. This approach controls for the trend in house prices and time invariant omitted variables related to the firm's location.
Also, we consider each IPO as three separate event studies corresponding to the sequential events of a completed IPO. In this way, the IPO events being considered do not occur simultaneously with the decision to go public. Instead the time between the decision to go public and the each IPO event varies by event and by firm. For example, the length of time between the filing event and issuance depends on the length of time that managers spend with underwriters on the road show gauging investor interest. Then after the firm is listed, the time between IPO issuance and the expiration of the lockup period is generally 180 days, which is defined by institutional convention and not from any consideration of local house prices. As a result, the length of time between IPO filing and the expiration of the lockup period can span years and there is no indication that IPOs are timed with the local housing cycle over the course of the IPO events. Therefore, it is assumed that IPO events are exogenous shocks to the local housing market.
Data and Summary Statistics
Transaction Level Data We use Zillow residential property level data for California. It is the product of merging their transaction and property assessment files. In the raw file there are 12.8 million transactions with 99% falling between 1993 and 2017. The observations are cleaned on missing and unwanted or unreasonable property characteristics.
For example, intra-family transactions are excluded. Also, properties are filtered by property type, the number of parcels, and the number of buildings. We restrict the sample to single parcels where there is only one building and include property types: residential general, single family or inferred single family, rural residence, townhouse, row house, planned unit development, and bungalow. The final sample consists of properties that: have at least one full bathroom and at least one bedroom, non-negative property age and less than or equal to 150 years old, non-missing sales price greater than or equal to $1,000, not more than four units, non-missing latitude and longitude, non-missing land size strictly greater than 500 square feet, and non-missing number of stories less than or equal to three. The final sample has around 6.5 million unique property transactions from 1993 to 2017. Descriptive statistics are provided in Table 2 at the property and firm level. Panel A summarizes the transacted properties where the average sales price over this period is $335,145. After adjusting for inflation the average adjusted sales price over this period is $415,363. 14 For the analyses, the adjusted sales prices are used to generate the results althought they are robust to using the raw sales price. In terms of property characteristics, there are large standard deviations but they are inline with similar studies.
Initial Public Offering (IPO) Data
Panel B summarizes the sample of IPOs where the average target price is $12.99 per share with a max of $97.00 and average proceeds from the IPOs of roughly $131 million. There is a lot of variation within IPO and firm level characteristics exhibited by the large ranges and standard deviations. For example, the average for total assets is $224.24 million where the minimum is $0.10 million and the maximum is $7,190 million for the largest firm by total assets. We will exploit the variation in firm and IPO characteristics in robustness tests to further examine the relationship between IPOs and local house prices. Specifically, we focus on the variation in firm age, total assets, offer type, offer price, IPO proceeds, IPO underpricing, and 10 See figure B of the appendix for a comprehensive summary of the SDC IPO search criteria. 11 The Google maps geocoding API was used to return longitude and latitude of the firm's listed address.
12 The Field-Ritter data on IPOs was downloaded (10/21/2017) from: https://site.warrington.ufl.edu/ritter/ipo-data/ 13 A rollup is a firm that grows by acquiring other firms. 14 Sales prices are adjusted by finding the 05/2017 dollar equivalent according to the monthly Consumer Price Index (CPI) for All Urban Consumers: All Items from https://fred.stlouisfed.org/series/CPIAUCSL (downloaded 7/19/2017). the firm's stock performance post-IPO. Panels C and D provide additional summary information about the performance of the IPO. The average return at 1 year from the IPO is 25.47% with a minimum return of -227.78% and a maximum of 740.83%.
Here the firm's return is calculated as the percentage change from the offer price to the closing price on the date considered (i.e. 1 year following IPO) and the displayed average return is the simple average across the firm's. To quantify the risk associated with the IPO, we calculate the relative volatility for each firm's stock post-IPO as the standard deviation of daily closing prices divided by the average of closing prices for the period. Table 3 shows mean differences in adjusted sales prices of transactions in a pre or a post-period by event type and across distances of 1, 5, and 10 miles from the IPO firm's headquarters. Specifically, transactions are identified as occurring in a pre or post event window if they are within a specified radius of a firm's headquarters (1, 5, or 10 miles) and the sales date for the property is within 90 days of that firm's IPO event.
Event Level Statistics
For example, for Facebook's IPO case, we define a 5-mile radius from Facebook's headquarters and identify property transactions that occurred within 90 days before and after Facebook's IPO filing event (Figure 3 ).
We repeat this procedure for each IPO firm (e.g., Figures 4 and 5). It is possible that a transaction will be included in the pre-period for one IPO and the post or treatment period for another. For this table, we only include those observations that are in one pre-period or one post-period window by event type for a clean interpretation of treatment. For example, a transaction that appears in the pre-lockup expiration period for XYZ and the post-lockup expiration period for another IPO is excluded from this table summary of the lockup event. Instead the main results are based on house price indexes that are generated at the firm event level where overlapping observations are not excluded.
In Table 3 the post-filing prices are consistently higher than the corresponding pre-filing prices or roughly a 3.7% increase in unconditional mean at 1 mile, which falls to 2.8% and 1.3% at 5 miles and 10 miles respectively. The lockup expiration event shows a consistent negative price change in local house prices across the distances with the largest decrease or -6.5% at 1 mile around the firm. The change around the issue date varies from negative at 1 mile and 10 miles but is positive at 5 miles. The largest magnitude of price change around the issue date is -2.4% within a 1 mile distance boundary from the firm. To control for differences in the composition of properties transacted and trends in house prices in the pre versus post-period by IPO event additional analysis is necessary.
Baseline Hedonic Price Index for California
In analysis below we will examine house price indices associated with IPO firm headquarters and IPO events that account for aggregate conditions in California. We call these indices residual house price indices as estimate them as follows. First, we estimate a hedonic house price index using the entire sample of cleaned transactions (6,381,800 from 1993 to 2017) for California. It is a log-linear specification run at the property level (i) that includes controls for property characteristics (X i ), county fixed effects (δ c ), year/month fixed effects (δ tc ) in "calendar" time, and quarterly dummies to separately identify the effect of seasonality (δ s ).
From the coefficient estimates, the residual or unexplained variation in house prices is given by:
With the residuals at the transaction level, the house price indexes by firm (f ) and by IPO event (e) are constructed following the time dummy approach. The transactions included are only those observations identified in the firm's pre or post-period by IPO event and either within a certain distance band of the headquarters (i.e. within five miles or five to ten miles), within the city of San Franisco, or with cities in the East Bay that serve as control cities for San Francisco. Where time (t c ) previously identified "calendar" months, now time (t f e ) is "event" time or indicators defined in 10 day intervals from each by firm event date. We estimate the following regression
where s is a time window around the event and T it f e are time dummies for the dates around the event.
In this specification, the coefficient estimates on the time dummies (δ t f e ) give the variation in house prices that is unexplained by property characteristics or the trend in house prices in California generally.
The by firm by IPO event regressions are run separately to construct the firm event level residual house price indexes (RHP I f edt f e = 100 · exp(δ t f e )) where d identifies the boundary or geographic proximity constraint imposed on the within (treated) transactions (i.e. 5-miles from the headquarters).
However 4 The Spatial Effects of IPOs on House Prices
Main Results
In this section we describe the spatial effects of the three IPO events on house prices. The first step in this analysis is to generate unique RHPIs by distance band (zero to five miles, five to 10 miles, up to 45 to 50 miles from the firm) for each firm for each IPO event. As a result, there will be 10 distinct RHPIs for each firm-IPO event with each representing unexplained house price variation for the mutually exclusive regions.
The omitted or base period is defined as the earliest 10-day bucket. We then include on obersvation of each RHPI for a plus and minus 180 day window around each firm-IPO event.
Next, we estimate a regression model provides estimates of average level changes in RHPIs in the postperiod compared to the pre-period by distance band. Specifically, the constant term is omitted as well as the main effect of the post-period. We include the main effects of each distance region, the interaction of distance and post-period indicator, and firm fixed effects, which controls for variation by region, time, and firm characteristics. Specifically, we estimate the following regression.
This analysis is similar to the spatial difference-in-difference design of Pope and Pope (2015) . The indictors
The coefficient estimates for the interaction terms identify the relative RHPI level change from the preperiod to the post-period by distance band. The standard errors, which are clustered by year and the zip code of the firm's headquarters, for the coefficient estimates of the interaction terms then represent the likelihood that the treatment effect differs from the distance band price levels captured by the main effects. on the closest disance band, that is, zero to five miles, is 2.722% with a standard error of .428, while the coefficient β 5 f e on 20 to 25 miles is 1.556% with a standard error of .221. Similar, though less pronounced, patterns are present in Panels B and C of Figure 6 that display the effects of the listing date and lockup expiration date respectively. In Panel B, we can see that β 1 f e is 2.507% with a standard error of .334 and β 5 f e is 1.681% with a standard of .209, again indicated that the listing date had a positive effect that decays with distance. In Panel C, we note that there is no significant difference between the effect of the lockup date on house prices close to the firm (within five miles) and at a greater distance (20 to 25 miles). However, in all three plots a large difference is apparent in the effects of house prices close the firm, and at the extreme distance of 45 to 50 miles. In sum, it appears there is a clear spatial effect of the filing date on house prices, with a weaker effect of the listing date, and little to no effect of the lockup date.
To verify the statistical significance as the effects apparent in Figure 6 , we estimate a simplified version of the regression in equation (4). Specifically we estimate the following difference-in-difference regression RHP I f etd =α + P ost f e + DistanceBand 1 f e + P ost f e * DistanceBand 1 f e + η f + ε f etd
where the treated group, DistanceBand 1 f e , consists of the RHPI estimated on transactions within five miles of headquarters and the control group consists of the RHPI estimated on transactions in the 20 to 25 mile distance band around headquarters. We report the results of this regression in Table 8 for three different time windows. Panel A of Table 8 shows the results with a 30 day estimation window. In Panels A and B
of Table 8 , we report the results for 30-and 90-day windows respectively and see that the only the issue date appears to have a significant effect on house prices, and that is only at for a 90 day window and is only marginally significant. Panel C of Table 8 shows the results for a 180 day estimation window and corresponds to the effects we document in Figure 6 . We see a .864 percentage point greater appreciation of house prices around the filing date for transactions within five miles of headquarters than for transaction 20-25 miles from head quarters. Similarly, the same comparison around the issue dates shows a .668 percentage point greater increase.
We now investigate how the effects we document in Figure 6 vary by Firm and IPO charactersitics as well as
Variation By Firm Characteristics
In terms of firm characteristics, firm age is a likely proxy for growth and time at the headquarters while total assets is a proxy of firm size. For example, growth firms can be cash constrained and thus rely more heavily on stock options to compensate original shareholders. Because firm level characteristics may not be linearly related with the treatment effect, we sort the firms into buckets by quartiles of the characteristic of interest and estimate the base model (4) for the top and bottom quartiles.
In Figure 7 we repeat the analysis of Figure 6 separately fo the top and bottom quartile of firm age at the filing date. Interestingly, there does not appear to be a substantial difference in the spatial effect of IPO's on house prices for old and young firms.
In Figure 8 we repeat the analysis of Figure 6 separately fo the top and bottom quartile of total assets.
Firms are sorted into quartiles by their total assets where the firm's total assets is measured just prior to going public. Again, there does not appear to be a substantial difference in the spatial effect of IPO's on house prices for old and young firms.
By IPO Performance: Returns
We measure post-IPO performance by the firm's stock return and volatility. Larger returns increase the original shareholders' wealth whereas larger volatility may increase the early exercise of employee stock options (ESOs) (Huddart, 1994; Kulatilaka and Marcus, 1994; Huddart and Lang, 1996) . We estimate the following IPO performance model that incorporates event specific returns and volatility to test whether the treatment effect significantly differs by the firm's post-IPO performance. Figure 9 repeats the analysis of Figure 6 separately for firms with large (small) first trading day returns, i.e., underpricing. Firms with larger first day returns exhibit a greater effect on house prices at both the filing date and the listing date. Figure 10 repeats the analysis of Figure 6 separately for firms with large (small) listing-to-lockup expiration returns. There appears to be a substantial difference in the effect of the lockup expiration date on house prices once we condition on returns. When a firm has a large listing-to-lockup return, the lockup expiration date has a large effect on house prices. This effect is consistent with hypothesis H 1 , when the insiders share's appreciate by more, the lockup expiration date represents a larger wealth shock for those households.
The Effect of IPOs on San Francisco House Prices
In this section, we use the San Francisco Bay as a natural geographic barrier that provides an added cost of commuting from the East Bay to the headquarters of IPO firms located in the city of San Francisco.
This added cost of commuting implies that housing markets in the East Bay are less likely to be affected by IPOs in San Francsico. We thus compare house price changes in San Francisco to those in Alameda around IPO events. Assuming no omitted variables and good control for the trend in house prices, the difference-indifferences approach is appropriate and identifies the house price change following IPO events. There are three steps in our difference-in-differences procedure. First, we exploit the population of California transactions to control for trends and seasonality in house prices. We describe this analysis in section 3.2. Second, we generate per firm per event house price indexes (HPIs). Lastly, we generate difference-in-differences coefficient estimates to identify the average treatment effect of IPO events on the treated.
We construct by firm (f ) by event (e) level house price indexes (RHP I f etd ) using the transaction-level residuals obtained from equation 2. Each RHPI is estimated separately and only includes those transactions that appear in the pre-period or post-period of a firm's IPO event.
15 Using the time dummy approach and bucketing transactions at 10-day intervals from the event, the treated RHPI is restricted to transactions located in the same city as the firm's headquarters and is estimated according to the following specification:
To control for regional house price trends over the event windows, we estimate a complementing HPI per firm per event in the same manner as that of the treatment group but with transactions from the other side of the Bay. The control group transactions are defined by a set of cities that are situated on the other side of the bay, specifically Alameda, San Leandro, San Lorenzo, Castro Valley, Albany, Berkeley, Emeryville, Kensington, Oakland, and Piedmont.
We then estimate difference-in-differences coefficient to identify the conditional average treatment effects of IPO events on the treated. Each event is run separately and is based on the following model specification:
RHP I f etd = β 0 + β 1 P ost f e + β 2 T reated f e + β 3 (P ost f e · T reated f e ) + η f + ε f et (6)
The left-hand variable (RHP I f etd ) gives the time series of house price levels over the pre-post windows.
The dummy variable P ost f e identifies the post-period by firm (f ) and event (e) and treatment identifies the RHPI series associated with area of the firm's headquarters. The RHPI complement controls for regional trends in house prices and confounding events. Also, firm fixed effects (η f ) are included to control for omitted variables from firm level variation. Lastly, the standard errors are clustered by the zip code of the headquarters and the year of the event. Table 5 displays the results of estimating the regression in (6) at three different time horizons. In Panel A, we estimate the regression for a window of 30 days plus or minus the event date. At this horizon, the is a significant increase of approximately 2.6% in house prices on the issue date and a 3.3% increase in house prices on the date of the lockup expiration, although the change on the lockup date is only significant at the 10% level. There is no effect of the filing date at this time horizon. At a 90 day window, the lockup expiration date effect is no longer positive, and the issue date effect is smaller in both magnitude and statistical significance. At the 180 day window, the both the issue date and the lockup date effects disappear.
However, at this horizon there is a significant effect of the filing date of approximately 2.4%. Taken together, the results in Table 5 indicate a degree of efficiency in the housing market of San Francisco consistent with hypothesis H 1 . When a firm announces its intention to conduct and IPO, the housing market has a long term reaction indicated by the results of the difference-in-difference regression at the 180 day window. There is a slight reaction of the housing market to the liquidity events that occur on the issue date and the lockup expiration date, but this effect is quickly reversed at longer time horizons.
In Tables 6 and 7 we repeat the analysis of Table 5 but split the sample by characteristics of the IPOs. Table 6 shows that issue date effects of Table 5 , Panel A are driven by those older and larger firms whose IPO's were more underpriced and had a great listing-to-lockup return while the lockup date effects are driven by older firms whose IPO's had a greater listing-to-lockup return. Table 7 shows the the filing date effect evident in 5, Panel C is driven by older firms that whose IPO was more underpriced.
Conclusion
In this paper, we combine IPO and residential property transaction data for California from 1993 through 2017 and: (1) test for an association between IPOs and local house prices; (2) compare and contrast the different IPO events; (3) test for an association between IPOs and changes in the composition of residential properties being transacted by looking at property characteristics and market segment; and (4) test for an association between firm characteristics that includes IPO performance and house prices.
We find evidence consistent with there being a positive and significant association between local house price changes and firms going public. The evidence is consistent with the three non-mutually exclusive hypotheses for how IPOs impact local property values. There is support for the expectations hypothesis where original shareholders that are not liquidity constrained respond to changes for their demand for housing consumption from updated expectations around the IPO filing event. Also, for the wealth hypothesis or a positive change in property values when the IPO is issued. Finally, there is evidence supporting the liquidity hypothesis of a positive change following the expiration of the lockup restriction but there is heterogeneity in the treatment effect depending on firm characteristics and the performance of the IPO. We conclude that
IPOs are associated with price changes to local property markets that are in part due to the presence of credit constraints in housing.
This study uses the setting of IPOs as a natural experiment to highlight credit constraints in mortgage lending that are binding for a segment of original shareholders and pre-IPO shareholders. Our results are preliminary and more studies are needed. This paper informs on the role entrepreneurs play in the demand and consumption of housing services and how completed IPOs impact local house prices. In addition, the sequential events of the IPO provides a natural experiment to deconstruct an overall effect, in this case a wealth shock to original shareholders, into changes in expectation, wealth, and liquidity in the presence of mortgage lending constraints. • IPO issuing event: when the firm's equity is listed on an exchange. This is the date when the firm goes public. Issuing coincides with a firm's submission of their IPO prospectus Form 424 with the SEC.
• Lockup event: when restrictions on some shareholders and insiders are lifted allowing them to sell and liquidate their shares. It is usually 180 days.
Changes in the IPO Landscape Over this Sample Period
The decision to pursue an IPO is taken as exogenous and is assumed to be independent of local house price changes. However, regulatory changes over this period that impact IPOs may fundamentally change the composition of the sample of firms that choose to go public. This is a concern if the change in composition correlates with house prices in proximity to the firm's headquarters and cannot be controlled by specifications that include controls to capture variation at the firm level and over time.
In Gao et al. (2013) , they identify a significant drop in the number of IPOs annually spanning 2001 to 2013 than during 1980 to 2000. They attribute this difference to changing market and regulatory conditions that make it more advantageous for small private firms to be acquired than to go public. Iliev (2010) found that the passage of the Sarbanes-Oxley Act (SOX) in 2002 and the requirements, specifically, under Section 404 imposed additional compliance costs reducing the value of small firms. In 2012 congress passed the Jumpstart our Jobs Act intended to increase the frequency of IPOs by lowering the cost of going public. For example, under the JOBS Act firms considering an IPO can test-the-waters and communicate with potential investors prior to submitting the registration Form S-1 publicly. Dambra et al. (2015) find that the changes implemented under the JOBS Act increased IPO activity in the two years following its passage. The issue of IPO composition and regulatory changes is compounded by evidence of hot and cold IPO markets going back to Ibbotson and Jaffe (1975) and Ritter (1984) . 
